Age-related effects of chlorpyrifos on muscarinic receptor-mediated signaling in rat cortex.
Chlorpyrifos (CPF) is a widely used organophosphorus pesticide. Earlier work from our laboratory and others has demonstrated that the sensitivity to CPF exposure changes markedly during maturation. A number of studies suggest that in addition to inhibiting acetylcholinesterase (AChE), CPF oxon may also interact directly with m2 and/or m4 subtypes of muscarinic acetylcholine receptors (mAChRs). In the present study, we investigated the in vivo effects of CPF exposure on phosphoinositide (PI) hydrolysis and cAMP formation, second-messenger systems coupled to m1, m3 and m5 (PI hydrolysis) or m2 and m4 (cAMP formation) mAChRs. Neonatal (7-day), juvenile (21-day) and adult (90-day) rats were treated with either peanut oil s.c. or CPF s.c. at 0.3x or 1x the maximum tolerated dosage (MTD: 45, 127 and 279 mg/kg for 7-day, 21-day and 90-day rats, respectively). Neurochemical end-points including AChE activity, muscarinic receptor ([3H]quinuclidinyl benzilate, and [3H]oxotremorine) binding, PI hydrolysis, and cAMP formation in cortex were evaluated at 4 h, 24 h, or 96 h after treatment. Under these conditions, relatively similar maximal degrees of cholinesterase (ChE) inhibition were noted, but times to peak inhibition varied among these age groups (24 h in neonates and juveniles, 96 h in adults). Total muscarinic receptor (QNB) binding was reduced in all three age groups with 1x MTD exposure, at both 24 h and 96 h in neonates and juveniles, but only at 96 h in adults. Oxotremorine binding was also reduced at 96 h after MTD exposure in all three age groups. Neither basal nor carbachol-stimulated IP accumulation was affected in any age group or at any time point following CPF exposure. In contrast, basal cAMP formation was significantly increased by MTD exposure in all three age groups 4 h after exposure, and at 4 h, 24 h, and 96 h after exposure in juveniles. Forskolin/Mn2+-stimulated cAMP formation was increased in neonates and juveniles at 96 h, and in juveniles also at 24 h, but was significantly decreased in adults at 96 h after MTD exposure. Oxotremorine-mediated inhibition of cAMP formation was significantly greater at 96 h after MTD exposure in all three age groups. These results provide further evidence that the cortical cAMP signaling pathway may be particularly sensitive to CPF exposure in neonatal, juvenile, and adult rats, possibly due to a direct interaction between CPF (or its oxon) and mAChRs or other components of the adenylyl cyclase cascade.